The pathogenesis of multiple sclerosis (MS) is currently ascribed in part to a T cell-mediated process targeting myelin components. The T cell response to one candidate autoantigen, myelin basic protein (MBP), in the context of HLA-DR15Dw2, has been previously studied in detail. 
Introduction
Myelin basic protein (MBP) 1 is the most intensively studied candidate target antigen in multiple sclerosis (MS) (1) . Characterization of the human T cell response to MBP has defined three major immunodominant regions, located in the NH 2 -terminal (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , central (87-106, 84-102, 87-99), and COOH-terminal (143-168, 131-159) domains (2) (3) (4) (5) (6) (7) . However, other studies reported the recognition of several T cell epitopes in the context of various HLA restriction elements, indicating a higher degree of complexity (8) (9) (10) (11) (12) . Despite these discrepancies, the central T cell epitope cluster of MBP(87-99), recognized in the context of MS-associated HLA-DR molecules, in particular DR15, has undergone intense investigation, with the intention of exploring its therapeutic potential. The identification of peptides with altered T cell receptor (TCR) or MHC contact residues might provide the opportunity of modulating the immune response to MBP, as suggested by observations in the animal model experimental allergic encephalomyelitis (EAE) (13, 14) .
It is unlikely, however, that those treatments might benefit patients with other immunogenetic backgrounds. In fact, very little information is currently available on the immune response to myelin antigens in subjects carrying other HLA class II haplotypes such as DR4, which has been described in association with MS in different ethnic groups (15) (16) (17) (18) . The recognition of different immunodominant regions of a protein antigen may correlate with different MHC restriction molecules. This possibility might account for the diversity observed in studies that included groups of individuals expressing various HLA haplotypes. According to this concept, selection of a given HLA haplotype as defined by molecular typing should allow a more thorough dissection of the T cell response to myelin antigens.
This study examines the characteristics of the T cell response to MBP in MS patients and normal subjects carrying the HLA-DR4 (B1*0401) allele. We have generated MBPspecific T cell lines (TCL) to estimate the frequency of autoreactive cells and examine their characteristics with respect to fine epitope recognition, HLA restriction, cytotoxicity, profile of cytokine production, and TCR usage. This allowed us to identify a clearly immunodominant MBP epitope cluster. Interestingly and in contrast to the T cell response to MBP(81-99) in the context of HLA-DRB1*1501/B5*0101, we have found a remarkably restricted set of TCR rearrangements in TCL recognizing MBP(111-129) in the context of DRB1* 0401. Potential reasons that explain the immunodominance of this MBP epitope are discussed.
Methods
Subjects. Candidate donors were typed for HLA-class II by standardized molecular typing methods by the Department of Transfusion Medicine, National Institutes of Health (NIH, Bethesda, MD). Designations of HLA types are given according to the WHO Nomenclature Committee (19) . Six MS patients and six age-and gendermatched healthy subjects, all carrying the HLA-DRB1*0401 allele, were selected for this study. The study was reviewed and approved by the Institute Clinical Research Subpanel, and informed consent was obtained from each patient. The mean age of MS patients (five females, one male) was 41.1 Ϯ 8.2 yr. The mean age of normal controls (five females, one male) was 40.1 Ϯ 13.3 yr ( P ϭ 0.886). No subject had received steroid or immunosuppressive therapy within 6 mo of blood sampling. Duration of disease, clinical course and complete HLA haplotypes are reported in Table I .
Antigens. Human MBP was prepared according to the method of Deibler (20) . Peptides were synthesized on a peptide synthesizer (990; Beckman Instruments, Fullerton, CA) using Merrifield solid phase synthesis methodology. The crude peptide product after desalting was then purified by CM-32 carboxymethylcellulose cation-exchange chromatography to Ͼ 95% purity (21) . The synthetic product was characterized by amino acid analysis, mass spectrometry, and reversephase HPLC. Some peptides [MBP(112-to 119-129) and MBP(111-121 to -128)] were synthesized using t-Boc chemistry and a tea bag methodology as described (22) , HPLC-purified and analyzed for purity and identity as above. Sequences of MBP peptides were: MBP(1-19), ASQKRPSQRHGSKYLATAS; (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , GSKYLATASTM-DHARHGFL; (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) Generation of MBP-specific T cell lines. PBLs were isolated from leukapheresis samples by lymphocyte separation medium (Organon Teknika, Durham, NC). MBP-specific TCL were established using a modified limiting dilution technique as previously described (3).
Peripheral blood lymphocytes were seeded at 2 ϫ 10 5 cells/well in U-bottom 96-well microtiter plates (Nunc, Roskilde, Denmark) in 200 l Iscove's modified Dulbecco's medium (IMDM) (Gibco BRL, Grand Island, NY) containing 2 mM L -glutamine, 100 U/ml penicillin/ streptomycin, 50 g/ml gentamycin (Whittaker Bioproducts, Gaithersburg, MD), supplemented with 10% heat-inactivated pooled human serum (complete medium, CM ), in the presence of 10 g/ml human MBP. A minimum of 300 wells were seeded for each individual. Whenever possible, cultures were prepared from cells obtained at two or more time points. On day 7, 10 IU/ml human IL-2 (Lymphocult-T HP; Biotest, Dreichenhein, Germany) was added to the culture. After another 7-10 days, cells were washed within the wells and resuspended in 200 l CM. 50 l of the cell suspension were transferred into two adjacent wells of a separate plate, and 150 l of CM containing 1 ϫ 10 5 autologous irradiated (3,000 Rad) PBL as antigen presenting cells (APCs) were added to the wells. One well was stimulated with 10 g/ml MBP. The original plates were restimulated with 1 ϫ 10 5 autologous irradiated PBL and 10 g/ml MBP in the presence of 10 IU/ml IL-2. After 3 d, [
3 H]thymidine (Dupont, Wilmington, DE) incorporation during the final 6 h of incubation was measured in a scintillation counter (Betaplate; Pharmacia, Gaithersburg, MD). Wells that showed a stimulation index (SI) Ͼ 2 over background with a ⌬ cpm Ͼ 1,000 in the proliferation assay were expanded in culture by weekly restimulation with MBP and APC, and further characterized with respect to fine specificity, HLA restriction, cytotoxicity, cytokine production, and TCR usage.
TCL characterization. Peptide specificity of the TCL was screened using a panel of 16, 19-mers that overlap by 9 amino acids and span the entire MBP sequence in standard proliferation assays, in duplicates, or triplicates. Epitopes within the immunodominant region of MBP(111-129) were mapped using a set of 16 peptides truncated at the amino (112-to 119-129) and carboxyl (111-121 to -128) termini, as antigens in proliferation assays. TCL were tested at least twice in duplicate wells with the panel of truncated peptides. Equimolar concentrations of these peptides were used, ranging from 10 Ϫ 3 to 10 2 M. HLA-class II restriction was determined using autologous or allogeneic irradiated (10,000 Rad) or mitomycin-C treated EBV-transformed B cells or homozygous typing cells (HTC; No. 9025, 9058, 9063, 9082, 9084) from the Tenth International Histocompatibility Workshop as APCs in proliferation assays. Alternatively, BLS-1 transfectants were used to present peptide antigens in proliferation or cytotoxicity assays. These cells were generated by transfection of DR molecules into a class II-null cell line (BLS-1) by a retrovirus-mediated gene transfer system, as described (23) . This allowed us to confirm antigen presentation specifically in the context of the selected DR allele. Antigen-dependent cytotoxicity was studied by means of standard 51 Cr release assays performed in triplicate wells with effector/target ratios ranging from 1:1 to 20:1, as described (3). Cytokine secretion was measured in culture supernatants obtained 48 h after stimulation of T cells (2 ϫ 10 5 ) with APCs (1 ϫ 10 6 ) in the presence or absence of antigen (10 g/ml), using solid phase ELISA assays (Biosource, Camarillo, CA). Background values were subtracted from those of Ag-stimulated cultures. To assess TCL T helper (Th) profile, IFN-␥ , TNF-␣ , and TNF-␤ were measured as markers of Th1-like T cells. IL-4 was regarded as the distinctive cytokine of Th2-like cells. Additionally, IL-10 secretion was measured. TCL showing an IFN-␥ /IL-4 ratio Ͼ 10 were considered Th1-like; those that had a ratio Ͼ 0.1 and Ͻ 10 were regarded as Th0; those showing a ratio of 0.1 or less were counted as Th2-like. RNA was isolated by a modified guanidinium-isothiocyanate method (24) and reverse-transcribed into cDNA using oligo(dT) and random hexanucleotide primers (First-Strand cDNA synthesis kit; Pharmacia LKB Biotechnology, Uppsala, Sweden). TCR variable chain usage was analyzed by PCR using a panel of 21 V ␣ and 22 V ␤ family-specific oligonucleotide primers essentially as described (25) . Each set of reactions included a positive control for the amplification of TCR constant region to monitor the quality of the template and the efficiency of the reaction. Special care was taken to avoid cross-contamination of PCR samples. Separately amplified, purified PCR products containing an EcoRI restriction site were ligated into pUC18 EcoRI/BAP plasmid vector (Pharmacia LKB Biotechnology), and used to transform Escherichia coli JM109 competent cells (Stratagene, Inc., La Jolla, CA), according to the specifications of the manufacturer. Multiple bacterial colonies were screened for the presence of the recombinant TCR fragment. Sequencing was carried out from purified plasmid DNA using the Sanger-dideoxy chain termination method and Sequenase (U.S. Biotechnology, Cleveland, OH). At least two colonies for each TCR rearrangement were sequenced on both strands. Alternatively, direct sequencing of PCR products was performed using ABI Prism ™ DyeTerminators (Applied Biosystems, Inc., Foster City, CA) according to the manufacturer's recommendations. Sequencing reactions were analyzed on an Applied Biosystems 373A automated DNA sequencer. The primers used included forward TCRAV/TCRBV family-specific primers and reverse generic primers annealing in the 5 Ј end of the TCR ␣ or ␤ constant region. Sequencing results were analyzed using GCG software (26), and compared with published TCR gene segments (27) (28) (29) . Complementarity determining region 3 (CDR3) was defined according to the criteria of Rock et al. (30) . TCR designations are given accordingly to the current guidelines of the WHO-IUIS Nomenclature Subcommittee (31).
High performance size exclusion chromatography peptide binding assay. NH 2 -terminal labeling of peptides with the fluorescent dye, 7-amino-4-methylcoumarin-3 acetic acid (AMCA) (Calbiochem, San Diego, CA) was performed as previously described (32) . Peptide binding to affinity-purified DRB1*0401 was measured by high performance size exclusion chromatography as described (33) . Competitor peptides (4 g) were used in 20-fold molar excess (58 M) relative to the high affinity-DRB1*0401-binding peptide AMCA-HA (307-319) (2.9 M). Relative competition was calculated from fluorescence signals in the absence (F 0 ) and the presence (F c ) of competitor: % competition ϭ ( F 0 -F c ) ϫ F 0 Ϫ 1 ϫ 100. Statistical analysis. When appropriate, a two-tailed unpaired Student's t test was used to analyze differences between groups. Frequency of MBP responding cells was calculated by dividing the number of responding wells in the screening proliferation assays by the number of wells seeded, multiplied by the number of cells/well. Peptide specific-TCL frequencies are obtained by extrapolation, based on their relative proportion in the subsequent specificity analysis, as previously described (5) .
Results

MBP(111-129) dominates the HLA-DRB1*0401-restricted T cell response. Frequency and fine specificity.
Out of a total of 6,150 wells seeded from PBL obtained from 12 subjects, 755 (12.3%) responded to MBP in the proliferation assay with a stimulation index Ͼ 2 (Table II) . The individual response to MBP ranged from 2.7 to 44.4% (estimated frequency, 1.35 ϫ 10 Ϫ 7 to 2.21 ϫ 10
). The percentage of MBP-positive wells was higher in healthy donors (18.0 Ϯ 17.9%) than in MS patients (6.2 Ϯ 3.0%), yet this difference was not statistically significant. A proliferative response to MBP was confirmed in 307 out of 351 wells which were positive in the initial proliferation screening (specificity ϭ 87.5%). 178 out of 275 (64.7%) MBP-specific TCL which were tested for fine specificity responded to peptide MBP(111-129) ( Table II) . The proportion of MBP(111-129)-specific TCL among all the MBP-specific ones did not differ significantly in MS patients (59.2%) and healthy controls (66.9%). Other than to MBP(111-129), we found TCL responding specifically to the majority of MBP peptides; among those, 1-19 (3.9%), 71-89 (3.9%), 81-99 In the majority of subjects, MBP(111-129)-specific TCL are clearly predominant even over all other cumulated specificities. The difference in average frequency of normal subjects and patients is not statistically significant, in part due to interindividual variability within the healthy donors group. Table IV ). Different grades of cytotoxicity can be observed in TCL with the same specificity originated from individual donors. panded in culture by restimulation every 7-10 d and characterized. HLA-restriction was determined in 61 MBP-specific TCL. All TCL were found to be restricted by HLA-DR molecules. 38 out of 40 (95%) TCL specific for MBP(111-129) were restricted by B1*0401 (Fig. 2) . The remaining 2 TCL (5%) of that group were B1*0701 restricted. Among the TCL with other specificities, a less skewed distribution was found. Out of 21 TCL tested, 9 were B1*0401 restricted (43%), and 12 were restricted by the other allele product (57%). A total of 38 HLA-DRB1*0401-restricted TCL specific for MBP(111-129) were characterized in further detail. To dissect T cell epitope recognition of peptide MBP(111-129), we used a set of peptides truncated at the amino and carboxyl termini. We first tested the truncated peptides in a wide range of concentrations (10 Ϫ 2 to 10 3 M) in dose/response proliferation assays (data not shown). At the optimal antigen concentration of 10 M, the minimum epitope length was readily determined in a representative sample of TCL (Table III) . The major T cell epitope identified corresponds to MBP residues 116-123 (Fig.  3) . Interestingly, a corresponding epitope has been described for encephalitogenic T cells in animal models (13, 34) .
MBP(111-129)-specific TCL have heterogeneous functional characteristics. Study of TCL phenotype included antigen-specific cytotoxicity and cytokine secretion. We have used the 51 Cr release assay to confirm both the specific, HLA-DRrestricted Ag recognition, and to study the ability of these TCL to lyse antigen-pulsed target cells. Representative examples are shown in Fig. 2 B , and results are summarized in Table IV . Remarkably, both highly cytotoxic and noncytotoxic TCL, with the same specificity and HLA restriction, were generated from individual donors. Based on their profile of cytokine secretion, MBP(111-129)-specific TCL originating from different subjects display different T helper phenotypes (Table IV) . Interestingly, several TCL originating from a healthy subject (HD4) secreted high levels of IFN-␥ , TNF-␣ and no IL-4, indicating predominance of Th1-like cells. Most TCL produced moderate to high levels of IL-10. No association of any of the functional characteristics analyzed in the TCL to the presence or absence of disease was found in our study. However, a larger number of observations might be required to confirm this lack of correlation.
Low-binding affinity of the immunodominant peptide MBP(111-129) to HLA-DRB1*0401. The observation of a large 
WGAEGQRPGF *The shortest epitope recognized by each MBP(111-129)-reactive TCL was assessed by proliferation assays using a set of 16 peptides truncated at the amino and carboxyl termini (see Fig. 3 ). Each TCL was tested twice or more. 
MBP(111-129)-reactive T cells use a restricted set of TCR rearrangements.
The analysis of T cell receptor ␣/␤ chain variable gene usage by the TCL was performed by PCR amplification of TCR gene transcripts by using V region family-specific primers. The size of the amplification products ranged from ‫ف‬ 600 to ‫ف‬ 800 bp, as expected (not shown). The results showed a strikingly limited TCRAV/TCRBV gene usage (Table V) . TCRAV4 was vastly overrepresented since in every patient studied, and in two out of three normal subjects, TCRAV4-expressing T cells were found. TCRAV1, 5 and 30 were other V␣ that were frequently used. Predominance of TCRBV chain usage was even more remarkable, with TCRBV2 and TCRBV7 most frequently being used. The intra-and interindividualconserved usage of V segments suggested oligoclonal expansions in the peripheral blood of some subjects, but also the selection of specific TCR rearrangements for the recognition of specific antigen/MHC complexes. In fact, the V␣/V␤ families most frequently used by our TCL did not simply correspond to those reported to be most commonly expressed in the peripheral blood TCR repertoire (36, 37) . To address these questions the TCR of representative samples of TCL were sequenced. 21 TCR␣ and 23 TCR␤ sequences that were in frame for V-N-J-C translation, and should therefore yield functional transcripts, were obtained (Table VI) . Sequence analysis demonstrated in some individuals (patients MS1, MS2, and normal donor HD4), as suggested by the PCR screening, the presence of clonally expanded T cell populations. Cells bearing identical sequence rearrangements were independently generated from different sampling time points, indicating their persistence at detectable levels of frequency even several years apart (patient *Grades of cytotoxicity are defined as follows: -, 0-25% specific lysis; ϩ, 25-50%; ϩϩ, 50-75%; ϩϩϩ, Ͼ 75%. ‡ Cytokine secretion was measured by ELISA. Results are in pg/ml. § T helper profile was evaluated on the basis of IFN-␥/IL-4 ratio, as follows: Ͻ 0.1, Th2; 0.1-10, Th0; Ͼ 10, Th1. ND, not determined.
MS2, healthy donor HD4
). In addition, we found distinct TCR clonotypes in TCL originated from the same subject, but expressing a different phenotype (patients MS2 and MS3), which confirmed the validity of our functional data. A highly restricted junctional diversity within the CDR3 loop emerged from the analysis of the predicted amino acid sequence alignment. In particular, a valine in position ␣92 was present in 76% of the sequences (16 out of 21), followed most frequently by an arginine (28%), a tyrosine (28%), or a glutamine (24%) at ␣93, and by a glycine in position ␣94 (48%). It is noteworthy that ␣92Val and ␣93Arg were contributed by either the N addition or the 3' end of the V␣ region, yet conserving in any case identity and alignment. Homogeneity of CDR3 amino acid determinants was present also in V␤ rearrangements, presenting most frequently (87%) a glycine in position ␤95 (20/23 sequences), followed predominantly by threonine (35%), serine (21%), or proline (13%). CDR3 lengths ranged from 5 to 11 residues for the ␣ chain, 7-12 for the ␤ chain, as calculated according to Rock et al. (30) .
Discussion
Both epidemiological data and immunological observations support the concept that disease susceptibility to autoimmune diseases might be influenced by the immunogenetic background of the individual. First, putative immune disorders in humans are found in association with HLA genes, in particular HLA-DR (38) . Second, in animal models for autoimmunity such as EAE, disease susceptibility of various rodent strains is under the control of MHC-class II genes (39) (40) (41) (42) . On these grounds, it is currently believed that disease-related MHC molecules may contribute to the pathogenesis by presenting specific autoantigenic peptides to T cells. In 13 and 34) . A correlation between immunodominance and encephalitogenicity has been established by these studies, and targeting the intervention on immunodominant epitopes has lead to the development of successful therapies in those experimental systems (13) .
On the other hand, in outbred species such as humans, a more heterogeneous response to MBP is present, both at the level of fine epitope recognition (8) (9) (10) (11) (12) and T cell receptor usage (43-45), although an association of the immunodominant central epitope of MBP(87-106, 81-99) to the DR2 haplotype has been consistently reported (3-5, 46, 47) . Approaches attempting to overcome the difficulty of the heterogeneity introduced by genes shaping the immune response to MBP in humans have included studies in siblings and twins (48) (49) (50) (51) . Those studies, although invaluable in addressing specific questions in genetically highly homogeneous subject groups, are not well suited to extrapolation to the general population. We have chosen to examine the MBP response in immunogenetically defined cohorts of unrelated MS patients and healthy subjects. In addition to the HLA-DR2 association with MS, HLA-DR4 haplotypes have been found at increased frequency in some ethnic groups, particularly in the Mediterranean area (15) (16) (17) (18) . Several DR4 subtypes have been reported associated with MS (52), including the prevalent DRB1*0401 allele, the most common DR4 subtype present in Caucasians. Interestingly, the DRB1*0401 allele is also associated with several other autoimmune diseases, including insulin-dependent diabetes mellitus (53, 54) , rheumatoid arthritis (reviewed in reference 55), and mixed connective tissue disease (56) .
In this study, we examined the T cell response to MBP in a group of DRB1*0401-positive subjects, and demonstrate a high reactivity to MBP both in MS patients and controls; this response is dominated by the response to a T cell epitope comprised within the MBP(111-129) region, presented by HLA- 1-19) (151-170) . This assay measured the ability of overlapping MBP peptides to compete with AMCA-HA(307-319) for binding to purified HLA-DRB1*0401. The capability of the amino terminal and the central (81-99) immunodominant regions of MBP to bind to several DR molecules, including DRB1*0401, was confirmed. Remarkably, the immunodominant peptide MBP(111-129) showed a low binding affinity.
DR4(B1*0401). Previous studies comparing reactivity to MBP in MS patients and healthy controls have reported a slightly higher frequency in MS (5, 12, 57) , no significant differences (3, 4, 48) , and a trend to a higher reactivity in healthy subjects (50) . Methodological differences in the establishment of TCL, in calculating the precursor frequency, and immunogenetic diversity in the populations studied might account for these discrepancies. Although we did not perform a formal frequency analysis, we observed a wide precursor frequency range in the subjects studied, together with a trend to an increased representation of MBP-specific T cells in healthy donors. However, it should be noted that the difference is probably biased by the large number of TCL generated from two young healthy donors (HD1 and HD4). These observations are compatible with the view that differences in frequency between patients and controls should not be overrated in the implication of MBPspecific T cells in the pathogenesis of MS (48) . More importantly, and for the first time to our knowledge, we show that the MBP region (111-129), encompassing the encephalitogenic epitopes for guinea pig strain 13 (41, 58, 59) and Lou/M rats (60) , is largely immunodominant in human HLA-DRB1*0401-positive individuals. MBP(111-129)-specific, mostly DRB1* 0401-restricted TCL were detectable with no exception, and contributed Ͼ 50% of all MBP-specific TCL in the majority (9/12) of subjects (Table II) . Patients whose reactivity to MBP is restricted to a specific epitope cluster have been previously described (11, 61, 62) , but have generally been regarded as sporadic observations whose relevance was not fully understood. Interestingly, Vandevyver and coauthors (62) recently described a selective reactivity to peptide MBP(110-129) in TCL originated from three MS patients; two of them were HLA-DR4 ϩ , the other was HLA-DR7 ϩ . Unfortunately, since only serological typing was available, and TCL restriction to specific DR alleles was not demonstrated in that study, no conclusion can be drawn about the correspondence of those observations with the ones presently reported.
The strikingly prevalent recognition of a single MBP domain in most of the subjects we studied prompted us to investigate potential reasons which might account for this phenomenon. Mechanisms contributing to immunodominance include HLA binding, antigen proteolysis in antigen-presenting cells, and TCR usage and composition of the T cell repertoire. In mice of the H-2 u haplotype, the encephalitogenic immunodominant epitope of rat MBP, rAc1-11, forms unstable complexes with its class II restriction element, preventing the measurement of its in vitro half-life (63) (64) (65) . In agreement with those observations, Joosten and co-workers, studying autoantigenic peptides from a number of self-proteins in the Lewis rat, showed that intermediate to poor binding to MHC class II RT1.B I is a property shared by most autoimmune associated peptide determinants (66) . Those findings suggested that failure to promote clonal deletion in the thymus might represent a possible route for autoreactive T cells to escape self tolerance. Support for this hypothesis has been recently provided by the observation that in transgenic mice expressing an encephalitogenic TCR, administration of native Ac1-9 has no effect on developing (CD4 ϩ CD8 ϩ ) and mature (CD4 ϩ CD8 Ϫ ) thymocytes, whereas peptide analogs with higher affinity for I-A u cause deletion of developing cells and TCR downregulation of mature thymocytes (67) . These concepts might be relevant to the interpretation of our results in two ways. Our data show that a relatively weak MHC-binding epitope yields an immunodominant CD4
ϩ T cell response, whose TCR repertoire presents specific structural constraints, both in variable gene segment usage (contributing the CDR1 and CDR2 regions) and in V-(D)-J junctional region sequences (representing the CDR3 region). Our results parallel the observations in B10.PL and PL/J mice (I-A u haplotype) and in the Lewis rat, in which the encephalitogenic response is restricted with respect to epitope specificity and TCR usage (68) . On the other hand, they contrast the paradigm of other previously characterized MBP T cell epitopes that bind with high affinity to the MHC and show a more diverse TCR usage, both in humans (45, 69, 70) and in the SJL/J (I-A s haplotype) mouse (Martin, R., personal 
␣90
CDR3 ␤90 *The deduced amino acids corresponding to the 3Ј end codons of the TCR␣ and TCR␤ variable (V) genes, followed by the N or N(D)N addition, the joining (J) segment, and the 5Ј terminus of the constant (C) region are shown. Only sequences presenting in frame V-D-J rearrangements and J-C splicing are included. TCC are grouped according to the TCRAV gene family usage. Conserved residues at a given position are shown in bold. Sequences are shown as aligned whenever possible. CDR3 boundaries are defined according to Rock et al. (30) . TCR rearrangements are designated according to the current unified nomenclature (27, 31) . ND, sequence could not be determined. ‡ Had no N nucleotide addition. § A point mutation of the published TCRAJ sequence was observed. communication). In our system, weak binding of MBP(111-129) to DRB1*0401 might (a) represent how autoreactive MBP(111-129) specific T cells escape clonal deletion at the central level, and (b) account for the limited heterogeneity observed in the TCR repertoire of cells detectable in the periphery. In fact, a low binding affinity of MBP(111-129) to HLA-DRB1*0401 would exert a strong bias on the selection of the TCRs capable of binding to the antigen/MHC complex.
Our experimental approach does not allow us to specifically address the influence of either HLA subtype-related differences in antigen processing (71) , or individual and epitopespecific variation in processing pathways (72) . However, the interpretation we propose is well in line with a recently described differential avidity/affinity model for T cell selection during thymic development, which defines avidity as the result of interaction of several factors including TCR affinity for peptide/MHC, density of TCR, and density of peptide/MHC complexes (73) . High affinity/density of the TCR for intrinsically unstable peptide/MHC complexes (which are therefore likely to be represented at low density on the surface of APCs) might then be responsible for raising the overall avidity to a level sufficient to deliver the signal for positive selection, albeit still below the threshold for clonal deletion. It is conceivable that these interactions might represent the basis of our observations, suggesting an alternate path for T cell epitopes immunodominance which, to our knowledge, had not been described in a human, autoantigen-specific system. Ongoing efforts in our laboratory aim to extend the presently reported findings with a better understanding of peptide/MHC/TCR interactions and of their role in the pathogenesis and therapeutic immunomodulation of multiple sclerosis.
